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WIRELESS REPEATER WITH ARBITRARY
PROGRAMMABLE SELECTIVITY

RELATED APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/618,027, filed Sep. 14,2012 which is a continuation of
U.S. application Ser. No. 12/614,624, filed Nov. 9, 2009,
which is now U.S. Pat. No. 8,290,430, issued Oct. 16, 2012.
U.S. application Ser. No. 12/614,624 is a continuation of U.S.
application Ser. No. 11/187,520, filed Jul. 22, 2005, which is
now U.S. Pat. No. 7,623,826, issued Nov. 24, 2009. U.S. Ser.
No. 11/187,520 claims the benefit of U.S. Provisional Patent
Application No. 60/590,318, filed Jul. 22, 2004. Also of
which are incorporated herein in its entirety.

BACKGROUND

1. Field

The present invention relates to wireless communication
repeaters; and more particularly, embodiments of the present
invention relate to wireless communication repeaters using
digital signal processing.

2. Description of Related Art

Wireless repeaters are generally used to repeat signals and
to extend the range of wireless transmitters. Many wireless
transmitters use circuitry that makes the repeaters large,
expensive and difficult to modify. With the development of
cell phone communications came the general desire of people
to be continually connected to their cell phone network pro-
vider, even in areas where signal strength from the provider is
limited. As a result, cell phone carrier providers have been
continually increasing the number of transmission towers to
cover more area. However, they still rely on repeaters to
communicate through large structures, such as shopping
malls and the like. There exists a need for an improved wire-
less communication repeater the is easy to modify, smaller
and or less expensive.

SUMMARY

The invention relates to wireless repeater systems and
methods. In embodiments, such systems and methods involve
receiving a wireless transmission signal; and processing the
wireless transmission signal using a digital signal processing
facility (DSP); wherein the DSP is adapted to filter at least one
sub-band of the wireless transmission signal using a digital
bandpass filter.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a repeater installation.
FIG. 2 illustrates a block diagram of a repeater.

FIG. 3 illustrates a repeater with arbitrary programmable
selectivity.

FIG. 4 illustrates a repeater down converter.
FIG. 5 illustrates a repeater digital processor.
FIG. 6 illustrates an IF bandpass FIR filter structure.

FIG. 7 illustrates a two sub-band IF bandpass FIR filter
structure.

FIG. 8 illustrates a multi-band filter response.
FIG. 9 illustrates a repeater upconverter.

FIG. 10 illustrates an L.O generation circuitry block dia-
gram.
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2

FIG. 11 illustrates a repeater with adaptive cancellation.
FIG. 12 illustrates an adaptive cancellation circuit.
FIG. 13 illustrates use of the invention in a building.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

The present invention relates to techniques that enable
implementation of bi-directional repeaters with arbitrary pro-
grammable selectivity over the wireless telephony bands. The
need for programmable selectivity may be driven by the pres-
ence of undesired radio interference and or patterns of fre-
quency allocation by regulatory agencies within a given geo-
graphical area.

Typically, a telephony band is partitioned into sub-bands.
In order to pass the assigned sub-bands and reject non-as-
signed bands or radio interference, filtering is required. Con-
ventional analog RF filters at wireless telephony frequencies
are costly, large and complex because of Q-factor consider-
ations. By down converting and digitizing the telephony band
in question, the filtering problem may be addressed economi-
cally. Furthermore, digitizing permits filtering parameters to
be changed easily in response to changing conditions and
facilitates implementation of additional signal processing
techniques (e.g. adaptive cancellation or nulling) that may
otherwise be impractical.

The present invention relates to applications to the princi-
pal wireless telephony services allocated in North America,
referred to as PCS and Cellular. Other services, such as SMR
or European DECT, which may also be repeated using the
techniques described in this disclosure are not addressed spe-
cifically; however, such repeater techniques are encompassed
by the present invention. PCS (Personal Communications
Service) is allocated the frequencies from 1860 MHz to 1910
MHz (mobile handset transmit) and from 1930 MHz to 1990
MHz (base station transmit). Cellular is allocated the fre-
quency bands 840 MHz to 870 MHz (mobile transmit) and
880 MHz to 910 MHz (base transmit).

In order to provide service within buildings or other remote
or enclosed areas, a wireless telephony carrier, such as Nex-
tel, AT&T or T-Mobile, may install one or more repeaters 102
as shown in FIG. 1. Referring to FIG. 1, a base station 104
transmits a downlink 106 signal that may comprise one or
more modulated carriers. The composite signal is received,
typically by a roof-mounted donor antenna 108, amplified
and re-radiated as the repeated downlink 116 signal using an
indoor coverage antenna 110. The indoor coverage antenna
110 may be a single antenna or array of antennas with asso-
ciated feed structure. The signal is received by one or more
mobile handsets 112. In the reverse or uplink 114 direction,
handsets 112 transmit signals that are received by the cover-
age antenna 110, amplified by the repeater 102 and re-radi-
ated as the repeated uplink 118 signal by the donor antenna
108.

FCC Type Acceptance requirements are primarily con-
cerned with non-linearity and spectral emissions limits.
Because of the radiated power asymmetry between the base
station 104 and the repeater 102, signal to noise ratios of
downlink 106 signals are usually high and repeater noise
figure is not generally an operational issue. Noise figure per-
formance is rather set by industry accepted convention.

A bi-directional repeater block diagram is shown in FIG. 2.
In FIG. 2 the donor and coverage antennas connect to donor
and coverage frequency diplexers, 202 and 204, respectively.
The diplexers 202 and 204 provide separation between the
uplink and downlink signals. Amplification may be variable
to accommodate varying composite signal power. In both
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uplink and downlink directions the repeater may use detectors
206 and 208 to sense repeater output power levels. The
detected downlink and uplink signal levels may be used to
control variable RF attenuators 210 and 212 in-line with the
signal amplifiers. The resulting level control loops prevent the
amplifiers from overloading in the presence of strong signals.
Band limiting filters 214 and 216 may also be included in the
signal paths to prevent leakage signal amplification.

It may be desirable that the repeater of FIG. 1 amplifies the
sub-bands assigned to a given carrier and excludes those
sub-bands assigned to competing carriers. If, for example, a
given repeater is substantially closer to a base station belong-
ing to a competing carrier, then signals originated by the
competing carrier’s base station may limit the output power
available to desired signals. The situation may also arise in
which one carrier could object to giving a competitor free
access to its repeaters.

At a given location a wireless carrier may be allocated
several non-contiguous sub-bands with bandwidths as narrow
as 5 MHz ranging up to the full PCS bandwidth of 60 MHz.
The repeater architecture shown in FIG. 3 provides arbitrary
selective amplification of non-contiguous sub-bands by using
an all-digital multi-band IF filter.

The repeater of FIG. 3 comprises downlink and uplink
arms connected by frequency diplexers 202 and 224. The
downlink and uplink arms comprise downconverters 306 and
324, respectively, digital processors 310 and 332, respec-
tively, and upconverters 316 and 334, respectively. In the
preferred implementation the hardware comprising the
downlink and uplink arms is identical with the exception of
filter frequencies. A single local oscillator frequency is
employed for all frequency conversions. Since the uplink arm
is identical to the downlink arm in the preferred implemen-
tation, with the exception of frequencies, details are discussed
only for the downlink arm ofthe repeater. Other architectures,
not exhibiting the symmetric character of the preferred imple-
mentation, may be used in a given application and are encom-
passed by the present invention.

The architecture of the preferred implementation is suit-
able for PCS, Cellular and other wireless telephony services.
Such applications of the repeater architecture of FIG. 3 are
encompassed by the present invention.

Referring to FIG. 3, downlink signals, transmitted by one
or more cellular base stations are received by a donor antenna
108. The composite received signal is fed to the common port
302 ofadonor frequency diplexer 202. The diplexer downlink
output port 304 is routed to the downlink frequency down
converter 306 which produces a band limited intermediate
frequency (IF) output signal 308. The downconverter IF out-
putsignal 308 is digitized and processed as an IF signal by the
Downlink Digital Processor 310 without further frequency
conversion to base band signals either external or internal to
the Downlink Digital Processor.

The processed IF signal is then converted into inphase and
quadrature analog IF frequency signals, 312 and 314, respec-
tively. The inphase and quadrature analog signals 312 and 314
are upconverted by the downlink up converter 316, then
amplified and fed to the downlink input 318 of a coverage
frequency diplexer 204. Because of the filtering action of the
Downlink Digital Processor 310, unwanted sub-band signals
are not amplified or radiated, thereby permitting desired sub-
bands use of the full repeater output dynamic range. The
coverage diplexer’s 204 output is radiated as the repeated
downlink 116 signal by the coverage antenna 110, (e.g. an
in-building antenna), and received by mobile users” handsets.

A mobile handset transmits a signal which, in combination
with other mobile handset transmitted signals, comprises the
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uplink signal 114. The composite uplink signal 114 is
received by the in-building coverage antenna 110 and fed to
the common port 320 of the coverage frequency diplexer 204.
The uplink output 322 of the coverage diplexer 204 is routed
to an uplink frequency downconverter 324. The uplink down-
converter 324 produces an IF output 326 which is digitized,
processed, converted to inphase and quadrature uplink analog
signals 328 and 330 by the Uplink Digital Processor 332 and
upconverted by the uplink frequency upconverter 334 to the
uplink frequency band. The composite uplink signal is then
amplified, fed to the uplink input port 336 of the donor
diplexer 202 and radiated as the repeated uplink 118 signal
via the donor antenna 108. A frequency multiplier 338 driven
by a temperature controlled crystal oscillator (TCXO) 340
generates local oscillator signals (I.Os) which drive the fre-
quency converters 306, 316, 324 and 334 and provide clock
signals to the digital processors 310 and 322.

Referring to FIG. 4, in the preferred PCS implementation,
the downlink down converter 306 comprises one or more
amplifiers 402a, 4025 and 402c¢, variable attenuators 404a
and 4045, an image noise filter 406, a down converting fre-
quency mixer 408 with differential output 410, a differential
IF filter 412 and differential buffer amplifier 414. Attenuators
404q and 4045 are automatically adjusted under control of the
Downlink Digital Processors 310 in order to maintain the
signal into the Downlink Digital Processor 310 at a prescribed
level. The image noise filter 406 passes the desired downlink
band and rejects out-of-band noise and signals (including
uplink signal leakage). With the frequency mixer local oscil-
lator signal 416 set at 1920 MHz, the downlink signal mixes
with the local oscillator signal and is frequency converted to
the downlink IF signal 418, without spectrum inversion, in the
frequency band from 10 MHz to 70 MHz. Other choices of
LO and IF frequency are possible and may offer particular
advantages in a given application; such choices are encom-
passed by the present invention. The downconverted down-
link IF signal 418 is filtered in order to reject spurious mixer
output signals and used to drive the Downlink Digital Proces-
sor 310. Differential configuration is used throughout the
down converter IF circuitry. A single-ended configuration
may also be used in the IF circuitry; use of single-ended IF
circuitry is encompassed by the present invention. The difter-
ential configuration offers higher resistance to noise and digi-
tally generated spurious signals in exchange for a moderate
increase in complexity. FI1G. 4 also applies to the uplink down
converter which may be identical to the downlink down con-
verter, with the exception that the image noise filter 406
passes the uplink rather than downlink band.

Referring to FIG. 5, the Downlink Digital Processor signal
path circuitry comprises an ADC 502 (Analog to Digital
Converter) driving an FPGA 504 (Field Programmable Gate
Array) differentially which in turn drives a dual interpolating
DAC 5064 and 5065 (Digital to Analog Converter). The dual
DAC’s 5064 and 5065 outputs are band pass filtered by filters
508a and 5085 to produce analog inphase and quadrature IF
outputs 312 and 314. The differential interface between the
ADC 502 and FPGA 504 provides containment of digitally
generated noise. A single-ended interface may also be used in
certain applications; such use is encompassed by the present
invention.

The ADC 502 samples and digitizes the input IF signal. In
the preferred implementation the sample clock frequency is
chosen to be 160 MHz; although other sample rates may be
used. In particular, the choice of sample rate equal to an odd
quarter multiple of the IF center frequency allows simple
means of converting the bandpass IF signal into base band
inphase and quadrature signals under certain circumstances.
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The 160 MHz sample rate of the preferred implementation is
high enough to permit relatively easy filtering of potential
signal aliases in the preceding downconverter. The sample
rate is also the twelfth sub-harmonic of the local oscillator
frequency and has no harmonic falling in either the uplink or
downlink signal passbands. Sample rates other than 160 MHz
may be used and such use is encompassed by the present
invention.

The ADC 502 in the Downlink Digital Processor 310
drives the FPGA 504 differentially with digitized IF samples.
The primary function of the FPGA 504 is to implement a
multi-sub-band filter bank. One or more band pass FIR (Finite
Impulse Response) filters are designed to pass prescribed
sub-bands between 10 MHz and 70 MHz, each filter being
represented by a set of coefficients. Since in repeater appli-
cations, only one composite multi-band output is required,
coefficients for a composite multi-band filter may be gener-
ated by adding the coefficients for the individual sub-band
filters. The multi-band composite filter uses only slightly
more FPGA resources than a filter for a single sub-band for a
given performance specification.

FIG. 6 shows details of an IF bandpass FIR structure cor-
responding to a single sub-band filter. The IF signal input
samples represented by quantities S(k) 602 in FIG. 6 are
continuously loaded into a shift register 604 of length N. The
newest shift register sample S(k—1) 606 is weighted by tap
weight value wl 608 using a tap multiplier 610, the next older
sample S(k-2) 612 by tap weight value w2 614; successive
samples are weighted by N-2 additional tap weight values up
to the oldest shift register sample S(k-N) 616 weighted by
wN 616. The weighted samples are summed and truncated in
the adder 620 to produce the IF output signal 622. The filter
output may be viewed as the convolution ofthe input IF signal
with an impulse response vector formed by the tap weight
values.

The most general structure for a filter with real tap weights
is shown in FIG. 6. In many cases, the tap weight values will
exhibit end-for-end symmetry. In such cases, the total number
of tap weight multipliers 610 can be halved. Weight w1 608
multiplies the two sample sum S(k-1)+S(k-N), weight w2
614 multiplies the sum S(k-2)+S(k-N+1), etc. The resultant
filter response is identical to that of the filter of FIG. 6;
however, half the number of tap multipliers 610 are used,
thereby conserving FPGA resources. Such simplifications of
the filter architecture are encompassed by the present inven-
tion.

For purposes of illustration, the IF signal input 602 samples
in FIG. 6 are shown as 12 bit quantities; tap weight values
608, 614 and 618 as 10 bit quantities and the IF signal output
622 samples as truncated to 16 bits. These bit widths represent
practical choices; however, other choices of bit widths for the
IF signal input 602, tap weight values 608, 614 and 618 and
truncated IF signal output 622 are possible and may be desir-
able depending on the application. Such filter tap weight
value choices are encompassed by the present invention.

A bandpass filter for multiple sub-bands may be imple-
mented by a parallel array of FIR filters of the type shown in
FIG. 6. If, as in the repeater application, the outputs of the
parallel array of FIR filters are summed and not required to be
available individually, then a multi-band filter may be imple-
mented using only slightly more FPGA resources than are
required for a single sub-band filter. The multi-band filter
architecture is shown in FI1G. 1 and comprises a shift register
604, tap weight multipliers 610, tap weight values 608, 614
and 618 and an adder 620. In FIG. 7, which shows a three
sub-band filter for purposes of illustration, coefficients for
each of the three sub-band filters (denoted w1 A 702, w1B 704
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6

and w1C 706, respectively, for the first shift register 604 stage
tap weight values) are added together to form the composite
first tap weight value wl 608. The remainder of the filter
structure is as before. Here it is assumed that each of the
sub-band filters has the same number of taps. In the event that
differing numbers of taps are required for any of the sub-band
filters, the shorter filters may be zero-padded. Such filter
techniques are encompassed by the present invention.

Note that the only effect of implementing three sub-bands,
as shown in FIG. 7, is to widen the coefficient bit width from
10 bits to 12 bits. The length and bit-width of the shift register
604, number of tap multipliers 610 and complexity of the
adder 620 are unaffected in going from a single sub-band
bandpass filter to a multi-sub-band bandpass filter using the
techniques of the present invention. In general, for a multi-
band filter, the coefficient bit width would increase by log
2(M) where M is the number of filter passbands and the
logarithm is to the base two. For example, if eight pass bands
are required, the coefficient bit width would increase by log
2(8) or 3 bits. In the case of the filter of FIG. 6, for which each
sub-band filter has 10 bit coefficients, eight pass bands could
be implemented using identical hardware with the exception
that tap weight values 608, 614 and 618 are 13 bit quantities.
The increased coefficient bit width represents a modest
increase in FPGA resources consumed.

FIG. 8 is aresponse plot for a three sub-band filter in which
each of the sub-band filters uses 300 taps with 10 bit coeffi-
cients. There are two 5 MHz bandwidth pass bands 802 and
804 and one 15 MHz bandwidth pass band 806. The compos-
ite filter uses 12 bit coefficients. For the theory of FIR filters
see S. K. Mitra, Digital Signal Processing, 2" ed., McGraw
Hill, New York, N.Y., 2001.

In addition to the multi-band filter, the FPGA configuration
includes a full band Hilbert transform all-pass FIR filter (not
shown). This filter is used to produce an additional output in
quadrature with output of the multi-band filter. The inphase
and quadrature outputs of the FPGA are used to drive dual 2X
interpolating DACs. The two filtered dual DAC output signals
312 and 314 permit use of a single sideband up conversion
mixer which reduces the level of the undesired up conversion
sideband and thereby facilitates post-conversion filtering.
The effective sample rate internal to the interpolating DAC
506a and 5065 circuitry is double the external 160 MHz clock
rate. Interpolated null samples are provided by the DAC cir-
cuitry. Using interpolation facilitates post conversion filtering
by moving DAC output aliases up from 90 MHz to 250 MHz.
Non-interpolating single or dual DACs may be used with or
without single sideband upconversion with more complex
post-conversion filters. Use of such alternate up conversion
architectures are encompassed by the present invention.

The FPGAs 504 may be configured using a microcontroller
from a program stored in flash memory. In addition to con-
figuring the FPGA the controller may manage the AGC (Au-
tomatic Gain Control) loops which control the input variable
attenuators and transmit power. Such use of a microcontroller
is encompassed by the present invention. Unlike the conven-
tional repeater as shown in FIG. 2, the selective repeater of
FIG. 3 requires independent control of the input variable
attenuators and of the transmit drive signal level in both the
uplink and downlink directions. The transmit power may be
controlled by varying the FPGA output scaling in response to
the detected output level. If a digitized transmit output is
available, as in the outdoor repeater discussed below, the
digitized signal may be detected and used for output leveling
purposes.

In the preferred implementation, the uplink digital proces-
sor hardware is identical to that of the downlink digital pro-
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cessor. However, the uplink multi-band filter is spectrally
inverted because the down converting frequency mixer uses
high side local oscillator injection. Other than the require-
ment to be compatible with the signal spectral inversion the
design details and configuration of the uplink FPGA are the
same as those of the downlink FPGA 504. The frequency
inversion between the uplink and downlink multi-band filters
is a consequence of the frequency plan chosen for the pre-
ferred implementation. Other frequency plans may be used in
which frequency inversion does not take place between
uplink and downlink pass bands or where the pass bands are
related in some other way. Such frequency plans are encom-
passed by the present invention. In any event, the impact of
signal spectral inversion on FPGA resources used and con-
figuration of the FPGA may be minimal.

Referring to FIG. 9, the downlink upconverter 316 accepts
differential inphase and quadrature IF inputs 312 and 314
from the downlink digital processor 310. The differential
inphase and quadrature IF inputs 312 and 314 are applied to a
single sideband frequency mixer 902 and upconverted to the
downlink frequency band. The upconverted signal is filtered
with a bandpass filter 904 and amplified to the nominal RF
output 912 amplitude level. The single sideband mixer 902
develops quadrature LO signals 906 and 908 internally from
a single external 1920 MHz LO input 910 signal. As in the
case of the down converter circuitry described above, the
differential configuration of the inphase and quadrature IF
input 312 and 314 signals minimizes susceptibility to
unwanted interference. Single-ended IF input signals may be
used in some applications. Double sideband upconversion
rather than single sideband upconversion may be used; the
tradeoff being between converter complexity and post-con-
version filter complexity. Such alternate frequency conver-
sion techniques are encompassed by the present invention.

FIG. 10 shows the L.O and clock generation circuitry.
Referring to FIG. 10, a temperature controlled crystal oscil-
lator, TCXO 340 provides a 160 MHz sampling clock that is
used by both the uplink digital processor 332 and downlink
digital processor 310. The TCXO 340 output is also fre-
quency multiplied by a factor of 12 using frequency multipli-
ers 1002 and 1006 and bandpass filters 1004 and 1008 to
generate the 1920 MHz LO output 1010 signal that is used as
up and down converting LO for both the uplink and downlink
arms of the bi-directional repeater 102. The frequency plan
uses low phase noise direct synthesis to generate the uplink
and downlink 1O signals thereby lowering the phase noise
transferred to the uplink and downlink signals. Phase locked
loops may be used here for generating the L.O signal and may
be more appropriate in cases for which the frequency plan is
not convenient for direct synthesis. Such alternate LO and
clock generation techniques are encompassed by the present
invention.

In outdoor repeater applications in which donor and cov-
erage antennas may be co-located, poor isolation between the
antennas may limit repeater performance. If, for example, the
antennas are pole mounted and isolation is in the 30 dB range,
maximum repeater gain will be limited to roughly 20 dB. At
higher repeater gains severe distortion of the repeater pass-
band may occur. By comparison, typical maximum gain for
an indoor repeater is on the order of 80 dB.

With the addition of output down converters and with the
associated down converted output signal digitization per-
formed internal to the uplink and downlink signal processors,
the processing repeater architecture shown in FIG. 3 may be
extended for adaptive cancellation of broadband antenna
leakage. Adaptive leakage cancellation permits repeater gains
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greater than 30 dB above the antenna isolation. FIG. 11 shows
an extended repeater with additional processing blocks used
for adaptive cancellation.

Referring to FIG. 11, a downlink coverage downconverter
1106 and uplink donor downconverter 1108 downconvert the
downlink and uplink transmitted signals. The downlink cov-
erage downconverter 1106 and uplink donor down converter
1108 employed are similar to the uplink downconverter 324
and downlink down converter 306. Down converters 1106
and 1108 generally may not require RF variable attenuation
402a and 4025 because transmitted signal amplitudes are
controlled by the nulling digital processors 1102 and 1104. In
applications which require additional control of the down-
converted signal levels, RF variable attenuators may be used.
Such level control means are encompassed by the current
invention. The downlink and uplink transmitted signals are
sampled using directional couplers 1110. Other sampling
means such as direct, non-directional RF signal taps with or
without employing RF isolators may be used and such sam-
pling means are encompassed by the present invention. In
FIG. 11 the down converted downlink and downconverted
uplink transmitter output signals are fed back to the nulling
downlink and uplink digital processors 1102 and 1104,
respectively. The down converted signals are digitized inter-
nal to the nulling downlink and uplink digital processors 1102
and 1104 and used to drive adaptive cancellation circuitry
within the FPGA circuitry. Details of the FPGA adaptive
cancellation circuitry are shown in FIG. 12.

Referring to FIG. 12, the transmit reference signal 1202 to
the cancellation circuitry is resolved into inphase quadrature
components 1204 and 1206 and the components are shifted
into a complex shift register 1208. The shift register 1208 tap
signals, r1 1210 through rN 1212, are weighted by complex
weight values, w1l 1214 through wN 1216, to form weighted
reference terms, wl*rl 1218 through wN*rN 1220. The
weighted terms wl*rl 1218 through wN*rN 1220 are
summed to form a leakage estimate 1222. The leakage esti-
mate 1222 is then subtracted from the receiver down con-
verter input 1224 to form the upconverter output 1226. The
weights themselves are derived by accumulating complex
error values formed by multiplying the complex shift register
tap signals by the complex receiver down converter input
1224, resolved into inphase and quadrature components 1228
and 1230, respectively. The weight values may be updated at
a rate much lower than the rate at which the nulling digital
processor 1102 and 1104 inputs are digitized. In FIG. 12
double lines indicate complex signals or processing. The
cancellation processing may involve delaying the cancelled
signal to de-correlate the received and repeated received sig-
nal.

The cancellation circuitry is a hardware implementation of
the LMS algorithm. The number of taps, N, depends on
details of the application, in particular on the departure of the
leakage phase transfer characteristic from linear phase versus
frequency. Increasing the number of taps and associated cir-
cuitry within the Nulling Digital Processors 1102 and 1104
increases the cancellation bandwidth. A single tap implemen-
tation may be appropriate in some applications and is encom-
passed by the present invention.

The LMS algorithm offers the advantage of simplicity in
exchange for fast adaptation response. In the majority of fixed
location outdoor repeater applications, the repeater environ-
ment is slowly changing; so, fast adaptation is not required.
Other adaptive algorithms such as RLS may also be used and
may be preferable in certain situations. The programmable
feature of the preferred implementation lends itself to a vari-
ety of algorithms. Such algorithms and the associated imple-
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mentations are encompassed by the present invention. Adap-
tive algorithms are covered in S. Haykin, Adaptive Filter
Theory, 4™ ed., Prentice Hall, Upper Saddle River, N.J.

In many cases, such as last mile applications, selectivity
may be desirable without the necessity of filtering down to the
individual cellular channel bandwidth. In these cases the
selective repeater described above offers an economical alter-
native to the channelizing repeaters currently used in mini-
cellsite infrastructure applications.

Use of the selective repeater architecture is not restricted to
telephony. In wireless LAN (Local Area Network) or WAN
(Wide Area Network) applications, repeaters may be neces-
sary to achieve desired coverage. For IEEE 802.11 compliant
networks, signal bandwidths are relatively wide and channel
frequencies may be changed frequently. Because of the
unregulated nature of the communications, the likelihood of
nearby unwanted signals is often present. Implementing
selectivity at RF frequencies would also typically be out of
the question because of cost and reconfigurability consider-
ations. For these reasons digitally implemented program-
mable selectivity may be a good fit for wireless network
applications.

As the cost of FPGAs and associated hardware drops and
performance increases in response to the growing complexity
and pervasiveness of broad band communications systems,
new applications of the repeater technology discussed above
will come into being. With the increasingly crowded commu-
nications bands selectivity, interference immunity and recon-
figurability will be at a premium. Just as with other technolo-
gies which may have been considered exotic, programmable
selective repeater technology may also become common-
place.

A repeater according to the principles of the present inven-
tion may be used in a number of applications, such as, repeat-
ing cell phone network communication signals (or other wire-
less transmissions) through the inside of buildings and
facilities where signal strength from externally located trans-
mission towers is low or non-existent. For example, a repeater
according to the principles of the present invention may be
used to repeat communication signals within a shopping mall,
a government building, a vehicle, a commercial building, a
sports facilities, a studio, a buildings, an office, a train station,
a subway station, a bus station, a transportation station, an
airport terminal, an airport facility, retail store, retail environ-
ment, commercial environment or the like.

FIG. 13 illustrates an embodiment of the invention where a
repeater (not shown in this figure) (e.g. bi-directional repeater
as described herein above) is associated with a building 1300
or other substantially enclosed facility or facility that signifi-
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cantly attenuates communication signals. In this embodi-
ment, the donor antenna 108 of the repeater system is
mounted external to the building 1300 and the coverage
antenna of the repeater system (not shown in this figure) is
mounted internal to the building 1300 such that communica-
tion between a cell phone transmission tower 1302 and a
user’s mobile communication device (e.g. cell phone) 112 is
facilitated.

While the invention has been described in connection with
certain preferred embodiments, it should be understood that
other embodiments would be recognized by one of ordinary
skill in the art, and are incorporated by reference herein.

What is claimed is:
1. A system, comprising:
a wireless transmission signal repeater;
wherein the wireless transmission signal repeater is
adapted to process a received signal through a digital
signal processor (DSP) using a composite multi-sub-
bandpass filter.
2. The system of claim 1 wherein the repeater includes a
Hilbert filter facility.
3. The system of claim 1 wherein the repeater includes an
image noise filter.
4. The system of claim 1 wherein the repeater includes a
simplified frequency architecture.
5. The system of claim 4 wherein the simplified frequency
architecture includes a high reference oscillator frequency.
6. A system, comprising:
a wireless transmission signal repeater;
wherein the wireless transmission signal repeater is
adapted to process a received signal through a digital
signal processor (DSP) using a composite multi-sub-
band bandpass filter and including adaptive cancellation
of a transmitter wrap-around leakage.
7. The system of claim 6 wherein the adaptive cancellation
includes an adaptively weighted transmission sample.
8. The system of claim 6 further comprising providing a
user interface adapted to select at least one sub-band.
9. The system of claim 6 wherein the repeater includes a
Hilbert filter facility.
10. The system of claim 6 wherein the repeater includes an
image noise filter.
11. The system of claim 6 wherein the repeater includes a
simplified frequency architecture.
12. The system of claim 11 wherein the simplified fre-
quency architecture includes a high reference oscillator fre-
quency.



